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SPECIFICATION 

1 . Title of the Invention 

Liquid Crystal Electro-Optical Device 

2. Scope of Claims 

(1) A liquid crystal electro-optical device in which a ferroelectric smectic 
liquid crystal is filled between two glass substrates having electrodes, and a polarizing 
plate is formed, the polarizing plate having mutually orthogonal polarization axes 
above and below the two glass substrates, the liquid crystal electro-optical device 
being characterized in that from among spacers existing between the two glass 
substrates, spacers formed in at least one side of two mutually parallel sides have a 
multi-layer structure in which a plurality of thin films being different from each other 
are ahemately laminated, and a plurality of grooves parallel to the glass substrate 
surfaces are formed on an inner surface of the spacers, thereby making liquid crystal 
molecules orient in a predetermined direction. 

(2) The liquid crystal electro-optical device according to claim 1, wherein a 
vertical orientation process is implemented on the inner surface of the spacers which 
are formed in a side that is orthogonal to a side whereon spacers having the plurality of 
grooves are formed. 

(3) The liquid crystal electro-optical device according to claim 1 or 2, wherein 
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a horizontal orientation process is implemented on at least one electrode side surface 
of the two glass substrates. ' 
3. Detailed Description of the Invention 
The_presenL_ 

liquid crystal electro-optical device that uses a ferroelectric smectic liquid crystal 
possessing fast response, a memory effect, and suitable threshold characteristics. 

The ferroelectric smectic liquid crystal possesses asymmetric carbon within its 

molecules, and therefore the directions of permanent dipoles in each mokcule within 

» 

one smectic layer are aligned. For cases in which this ferroelectric smectic liquid 
crystal is sealed within the two glass substrates having electrodes and made to have a 
homogeneous orientation, the molecules become always parallel to the substrate 
surface due to an anchoring effect if the thickness of a cell is made sufficiently thin. 
The direction in which the molecules line up within the substrate surface is at an 
incline of +9 or -0 with respect to a line normal to the smectic layer. In this case all 
of the permanent dipoles are lined up in a vertical direction with respect to the 
substrate, and there is a correspondence relationship between the incline direction of 
the molecules (+9, -9) and the direction of the permanent dipoles (up, down). A +0 
or a -9 orientation state can therefore be selected by selecting the polarity of a voltage 
applied by the two electrodes. Both of these two orientation states are stable, and 
possess a memory effect. Moreover, the response for inverting the polarity of the 
applied voltage is extremely high speed, from 1000 times to 10,000 times the 
conventional response speed, and there are also suitable threshold characteristics. 

A liquid crystal electro-optical device that possesses high speed response and 
a memory effect that are not found in conventional liquid crystal electro-optical 



devices can be manufactured by utilizing these types of characteristics. However, a 
homogeneous orientation mono-domain, in whi'ch all of the liquid crystal molecules 
within the liquid crystal cell are aligned in the same orientation, must therefore be 

jiianufactured^ i _ ^ 

Several methods of forming a homogeneous orientation mono-domain have 
been considered up till now. One such method is a method in which annealing is 
performed from an isotropic phase to a liquid crystal phase while applying a magnetic 
field of several thousand to 20 thousand gauss parallel to the glass surface. However, 
if the cell thickness is made thin with this method, almost no orientation effect is 
obtained due to a wall surface effect, and therefore a relatively thick cell thickness on 
the order of 10 ^m must be used. At this cell thickness, the response speed drops 
substantially, and the' liquid crystal molecules orient in a helical shape. Therefore, 
there is a drawback in that, among the aforementioned three characteristics, the 
memory effect cannot be obtained. Further, as another method, there is a method in 
which a rubbing process is implemented on the surface of the glass substrates on 
which the electrodes are formed, and the liquid crystal molecules are made to align in 
this rubbing direction. In this case it is said that the memory effect is lost because the 
liquid crystal molecules are forcibly aligned in the rubbing direction when removing 
an electric field. In addition, as another method, there is a method in which side 
surfaces of polymer films sandwiched between two glass substrates as spacers are 
utilized. This is a method in which the nature of the liquid crystal molecules to align 
in parallel in a cut surface parallel to the extending direction of the polymer film is 
utilized, and spacers having this kind of cut surface are formed in one side of a liquid 
crystal cell. A temperature gradient is set in a direction at a right angle to this side, 



annealing is performed from an isotropic phase to a liquid crystal phase, and batons 
are precipitated out. However, if the cut surface of the spacers is not smooth with 
this method, then the orientation direction cannot be uniformly controlled, and 
Jherefore a process must be performed so thaLprotrusionsJi-pnciJ^ 
like, do not develop. The yield is extremely poor, the cost is greatly increased, and 
further, even if a thin polymer film on the order of 1 \im is sandwiched between the 
two substrates, the cut surface easily wrinkles because of pressure applied from above 
and below. From this point, there is a problem in that it is extremely difficult to 
obtain a good homogeneous orientation mono-domain. 

An object of the present invention is to resolve problems like those above. 
An orientation method in which liquid crystal molecules are made to orient by 
utilizing the side surfaces of the aforementioned spacers is improved, and an 
orientation processing method having superior mass productivity is provided. 

Fig. 1 is a cross sectional diagram of a spacer for orienting liquid crystal 
molecules. As shown in Fig. 1, the present invention is characterized in that spacers 
formed on at least one side of the four sides of glass substrates 21 and 22 are formed of 
a laminate spacer 25 obtained by alternately overlapping thin films having a plurality 
of different substances, for example, two types of metals, or a metal and a non-metal. 
Regarding a case in which two types of metals are used as spacer materials 27 and 28 
in Fig. 1, a plurality of grooves parallel to the surfaces of the glass substrates 21 and 
22 can be formed as shown in Fig. 1 when the substrates are submersed in an etching 
liquid capable of etching only the metal 27. Groves can also be formed similarly if 
the spacer material 28 is a non-metal. 

A thin film 26 in Fig. 1 is an insulating film for insulating electrodes 23 and 
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24 fonned on the glass substrates 21 and 22, and the laminate spacer 25, but the 
insulating film 26 can be omitted if the electrodes are removed in portions at which the 
spacers are formed, or if one of the spacer materials contacting the electrodes 23 and 
24 is an insulating non-metal. __ ^ _ '_ 

A principle of orientation control in the present invention is completely the 
same as orientation control by mbbing, and the depth and the width of the grooves 
must be made to a certain extent. Moreover, the liquid crystal molecules must be 
aligned in parallel with respect to the surfaces of the grooves, and therefore a material 
easily matching the liquid crystal molecules is used, or an orientation process parallel 
to the grooves must be implemented. If the size of the grooves is smaller than the 
order of the molecules, then the molecules can take on a free orientation on the. side 
surfaces of the spacers, whether or not there are any grooves, and therefore no 
orientation control can be conducted. However, if the grooves possess a suitable size, 
then for cases in which the major axis of the molecules is aligned in a direction other 
than a direction parallel to the grooves, the molecules will become aligned along the 
concavities and convexities of the grooves, a bending distortion corresponding to the 
size of the grooves develops, and the elastic energy increases. The molecules 
therefore take on the lowest energy state, namely orientation in a direction parallel to 
the grooves. This state is shown in Fig. 2 and Fig. 3. Fig. 2 is for a case of a high 
energy state, and Fig. 3 is for a case of the lowest energy state. 

The size of the grooves must be, at minimum, such that they possess a width 
on an order whereby the liquid crystal molecules can align along the convexities and 
concavities of the grooves as shown in Fig. 2^. and a depth on an order whereby a 
sufficiently large bend distortion can be made to develop. Further, regarding gaps 
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between grooves, a gap must be on an order such that the liquid crystal molecules can 
align parallel to the grooves by the effect of interfnoiecular forces between the grooves. 
As small a gap as possible is good. As a conventional orientation control method, 
the re is a method for orientation in which polyimide^ like is ap plied to the glass 

substrate surface, and a rubbing process is implemented, but in this case the film 
thickness of the polyimide must be on the order of 200 A. This film thickness has a 
relationship with the depth of the grooves that develop by rubbing, and therefore it is 
necessary for the depth of the grooves to be at minimum on the order of 200 A in the 
present invention. 

A liquid crystal phase is made to grow from the spacer side surface of the 
spacer by disposing a spacer like that discussed above in one side of a liquid crystal 
cell, and applying a temperature gradient. A process for growing the liquid crystal 
phase by this temperature gradient is completely the same as a method for controlling 
orientation by the cut surface of a polymer film. However, there is a limitation in the 
thickness of the cells able to be made thin when a polymer film is used, and further, 
there are accompanying uncertainties due to the cut surface state, but these problems 
are resolved by the present invention. 

A detailed discussion of the present invention is given below based on 
embodiments. 

Embodiment 

Chrome and gold are used as the spacer materials 27 and 28, respectively, and 
SiOj is used as the insulating film 26. A total of ten layers of SiOj, and chrome and 
gold used alternately, are deposited by mask evaporation on one end of a 1 cm x 1 cm 
cell so that the thickness of each layer becomes 1000 A. The chrome is etched next 
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by using Cr-Tw (cerium ammonium nitrate (165 g), HNO3 (90 cc) water (1 1)). The 
grooves formed have a width of 1000 A, a depth of 400 A, and a pitch of 2000 A, 
confirmed by an electron microscope. Spacers, which have not been given 
orientation contr ol forces , are disposed by lastly applying a photoresist filmjo^the 
glass surface, and removing the material while leaving only a periphery portion of the 
cell. The thickness of the cell thus rrianufactured is 1 .2 iiim, and the reason that this is 
not equal to the thickness of the deposited layer is thought to be due to irregularities in 
the resist film thickness. The liquid crystal material used is MBRA-8 (S-4-0-(2- 
methyl)butyl-resorcylidene-4'-alkylaniline). MBRA-8 is used in each of the 
embodiments below. A temperature gradient is set so as to be at a right angle with 
the spacer that possesses the grooves, and the size of the gradient is set to 40®C /. cm. 
The glass substrates are not processed. • 

When the formation of a mono-domain was tried using the above cell, 
although several defects were seen, a good quality, homogeneous orientation mono- 
domain capable of being put into practical use was obtained. 

Embodiment 2 

In this embodiment, the same types of metals as those of embodiment 1 are 
used, and the thicknesses of a chrome layer and a gold layer are set to 700 A and 1300 
A, respectively. The groove pitch is set to 2000 A, and the groove depth is set to 400 
A. The cell thickness is Kl ^m. A mono-domain similar to that of embodiment 1 
can also be obtained in this type of cell. 

Embodiment 3 

Chrome and nickel are used as the spacer materials 27 and 28, respectively. 
With the thickness of each layer is set to 650 A and 350 A, respectively, chrome is 
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etched by using Cr-Tw. The grooves formed have a width of 650 A, a depth of 500 A, 
and a pitch of 1000 A. The thickness of a deposited layer is set to 1.5 jam, and 
aluminum foil having a thickness of 1.5 ^im is used as a substitute for the photoresist 
film in emb odiment 1! Vertical orientation processing is implem ented on the cut 
surface of the aluminum foil which is orthogonal to the spacers that possess spacers by 
using HTAB (hexadecyl trimethyl ammonium bromide). The thickness of the cell 
rnanufactured here is 1.7 ^im. 

When forming a mono-domain using the above cell, disorder in the orientation 
of portions contacting with side surfaces of the spacer becomes smaller compared to 
cases in which the side surfaces of a spacer not possessing grooves are not processed. 

Embodiment 4 

Chrome and SiO are used for the spacer materials 27 and 28, respectively, the 
thickness of each layer is set to 1000 A, the thickness of a deposited layer is set to 1:5 
\xm, and the chrome is etched by using Cr-Tw. The size of grooves is the same as 
those of embodiment 1, with a width of 1000 A, a depth of 400 A, and a pitch of 2000 
A. Aluminum foil that has already undergone vertical orientation processing and that 
is used in embodiment 3 is used as a spacer which does not possess grooves. In 
addition, polyimide is applied to the surfaces of the two glass substrates, and a 
horizontal orientation process is implemented. The cell thickness is 1.6 ^m. 

A very good quality mono-domain having few defects is obtained in the above 

cell. 

Embodiment 5 

Chrome and polyimide are used as the spacer materials 27 and 28, respectively, 
and the thickness of each layer is set to 400 A. A polyimide film is applied on a 
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deposited chrome film. The thickness of all layers is 1 |am, and chrome is etched by 
using Cr-Tw. Grooves formed have a width of 400 A, a depth of 200 A, and a pitch 
of 800 A. A spacer that does possess grooves uses a photoresist film, as in 

embodiment 1. The cell thickness is 1.1 jim . ! L_ . 

A good quality mono-domain having few defects can be obtained in the above 

cell. 

This embodiment is one in which two types of metals, or two types of metals 
and a non-metal are combined, and in addition, a similar effect can be obtained by 
combining various metals such as Al, Cu, and Co. 

In accordance with the present invention, a good quality, homogeneous 
orientation mono-domain cell of a ferroelectric smectic liquid crystal can be formed, 
and can be applied to a light shutter, a display device, and the like. 
4. Brief Explanation of the Drawings 

Fig. 1 is a cross sectional diagram of a laminate spacer in accordance with the 
present invention. 
2 1 , 2i2 glass substrate 
23, 24 electrode 

25 laminate spacer 

26 insulating film 

27 spacer materials (metal) 

28 spacer materials (metal or non-metal) 

Fig.2 shows an orientation state with a high elastic energy. 

29 liquid crystal molecules oriented in a direction which is not parallel to grooves 

30 spacer 
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Fig.3 shows an orientation state with the lowest elastic energy. 

liquid crystal molecules oriented in a direttion which is parallel to grooves 
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